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ABSTRACT

Consumption of vegetation high in NOg can have deleterious effects on
human and animal health, primarily as a result of the reduction of NOg to NOg
before or after ingestion of the plant material.

Radish (Raphanus sativus L.)

and

spinach (Spinacia oleracea L.) are rapidly maturing vegetable crops that accum¬
ulate substantial quantities of NO3 especially when nitrification of liberal N
fertilizer applications results in a NOg-rich medium.

The objectives of this

research were to evaluate the influence of a nitrification suppressor, 2-chloro6-(trichloromethyl) pyridine (Nitrapyrin, the active ingredient in N-Serve made
by The Dow Chemical Company, Midland, Michigan) applied in conjunction
with (NH4)2SO^ and/or KNO3 on the soil NOg level, plant growth, plant
NO3-N concentrations, and plant total N concentrations of radish cultivar
'Cherry Belle1 and spinach cultivar 'America1.

All experiments were conducted

in the greenhouse or in growth chambers.
Incorporating 5, 10 or 50 ppm Nitrapyrin in the soil suppressed nitrification
of (NH^^SO^ and restricted NO3 accumulation in the medium, even when N
fertilization was very high (100 to 800 mg/kg of soil).

Incorporating 50 ppm

Nitrapyrin in the soil with KNO3 fertilization resulted in a significant increase
in the accumulation of NO3-N in the soil relative to the KNOg without Nitra¬
pyrin or (Nb^gSO^ with or without the inhibitor.

VI

The most uniform characteristic of Nitrapyrin toxicity to various vegetables
was a restriction in fresh or dry weight production when its concentration was
at least 50 ppm in the soil.

The growth of spinach and radishes were not ad¬

versely affected by Nitrapyrin concentrations of 50 ppm.

Application of Nitra¬

pyrin at recommended rates of 1 to 2% of the N fertilization rate was not infurous
to the crops tested.
Radish root and shoot yields were higher when combinations ranging from
25 to 75% of NH4-N and from 25 to 75% NO3-N were utilized.
yields were lowest when NO3-N supplied all of the N source.

Radish shoot

Yield of radish

roots were significantly lower when NH4-N supplied all of the N source and
Nitrapyrin was incorporated into the medium.

Use of Nitrapyrin at 5, 10, or

50 ppm concentrations in the soil was an effective means to restrict NO^ accum¬
ulation in the radish plant when NH4-N supplied all or part of the N source.
Total N concentrations of the radish shoots were significantly higher when NH4-N
supplied all or part of the N source than when KNO3 was the sole N source.
Total N concentrations of the radish roots were not significantly different with
N treatments with or without Nitrapyrin.
Yield of spinach plants cultured on 75 percent NO^-N and 25 percent NH4-N
were equal to yields of spinach plants cultured on NO^-N alone, but further in¬
crements in the proportion of NH4-N in the fertilizer, especially with the ni¬
trification inhibitor, Nitrapyrin present, significantly reduced the yields.

The

percentage NO^-N in leaves of spinach plants grown in soil without the inhibitor
was lowest with all NH^-N nutrition and increased as the proportion of NO3 nu-

VII

trition increased.

Incorporating Nitrapyrin with NH^-N further restricted

NOg-N accumulation in comparison to NH4-N fertilization without Nitrapyrin.
Total N concentrations of the spinach leaves were highest when NH^-N supplied
the N source.

Thus, use of Nitrapyrin with preplant N applications where

ammonium supplies all or part of the N treatment would be highly desirable in
terms of the reduction in plant NOg-N concentrations; however, consideration
to the reduction in yield resulting with plants sensitive to NH4-N nutrition must
also be considered.
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INTRODUCTION

Plants, either directly or indirectly, are the sources from which man and
animals satisfy almost all of their nitrogen requirements.

For agricultural

purposes, existing natural sources of combined nitrogen and biological nitrogen
fixation are insufficient to maintain crop production at a level required to meet
existing demands.

Commercial nitrogen fertilizers such as ammonium salts, ni¬

trates, urea, anhydrous ammonia, cyanamid, and organic by-products are relied
upon in increasing quantities yearly to maintain intensively cropped soils pro¬
ductive (42).

One process that is continually occurring in agricultural soils,

and which frequently frustrates the conservation efforts of agriculturists, is
nitrification.

Regardless of the N source introduced into the soil, micro¬

organisms, primarily of the genera Nitrosomonas and Nitrobacter, oxidize
ammonium to nitrite and nitrite to nitrate, respectively, with the results being
that NO3 is the major nutrient form of N in the soil that is available for plant
utilization (1, 36).
The accumulation of NO3 in plants is a natural process that is highly in¬
fluenced by the integrated effects of many factors, any one of which may result
in high levels of NO3 accumulating in the plant tissue.

Plant characteristics,

environmental conditions, and nitrogen fertilization are major factors affecting
NO3 accumulation in plants.

Concern that the increased use of nitrogen fertil¬

izers are increasing the NO3 content of vegetables to levels potentially toxic to
man or animals has prompted renewed investigations into factors influencing NO3
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accumulation in plants and methods to restrict NO3 accumulation in plants and
our water resources (33).
A method of circumventing the problems of high NO3 concentrations in
vegetation would be to eliminate the high NO3 concentrations in the growing
medium, even under heavy nitrogen fertilization, with the use of a nitrification
suppressor.

Possibly our understanding of the influence of plant, environmental,

and cultural variables and their influence on NO3 accumulation in conjunction
with the use of nitrification suppressor would allow maximum yields with a con¬
current reduction in plant NO3-N concentration.

A promising chemical de¬

signed to suppress nitrification is Nitrapyrin (2-chloro-6-(trichloromethyl) pyri¬
dine).

This study is designed so as to evaluate the potential use of the nitrifi¬

cation suppressor Nitrapyrin as a chemical means to suppress NO3 accumulation
in rapidly maturing vegetable crops.
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LITERATURE

REVIEW

A consideration of the nitrate problem, factors influencing NO3 accumulation
in plants, and the potential use of a nitrification suppressor, Nitrapyrin, (The Dow
Chemical Company, Midland, Michigan), as a means to restrict NO3 accumulation
in plants follows.

The Nitrate Problem
Present concern over nitrate toxicity is associated with deleterious effects on
red blood cells, muscle tissue, and the formation of carcinogenic compounds (11,
17, 35, 65).

In addition, the adverse effects of sublethal levels of NOg on the

physiology of both animals and humans are being recognized and emphasize the
need to restrict NO3 accumulation in plants (26, 35, 65,

68).

NO3 generally found in plants are sublethal (30, 35, 39, 65,

The levels of
68);

however,

vegetation high in NO3 is potentially hazardous to man or to animals primarily
through the reduction of NO3 to NO2 before or after ingestion (26, 35, 65,

68),

for it is the NO2 which is the toxic principle in foods or feeds containing NOg
(11, 26, 35, 65,

68).

An estimate of a single toxic dose of NO3-N to humans is 700 to 1000mg
while for cattle 130mg/kg body weight is considered toxic (11, 35).

Ruminants

are particularly succeptible to nitrate toxicity in that the ruminal flora readily
convert NO3 to NO2 (11/ 26, 35, 65,

68).

Nitrites may accumulate in plants

(

or foods which are improperly stored (27, 53).

Also, favorable conditions for

the reduction of NO3 to NO2 may occur occasionally in the gastrointestinal
tract (26, 35,

68),

particularly in infants with gastrointestinal disorders (67).
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Processed vegetables high in NO3 can cause extensive detinning of internal
can surfaces (27, 60).

However, both the NO3 and NC>2 ions are water soluble

and can be removed during processing by discarding the cooking water (35).

Factors Influencing NO3 Accumulation in Plants
Vegetable crops, especially rapidly maturing crops such as radish and spinach,
require liberal applications of N fertilizers to maintain adequate levels of N in
the rhizosphere during the critical demand period (36, 42).

This cultural practice

can lead to the accumulation of excessive levels of NO3 in the plant (4, 5, 10,
11, 16, 17, 36, 39, 65,

68).

1) Plant Differences.

Surveys of economically important crops have identified

certain families as ones with a recurring high NO^ content.

Wright and Davison

(68) listed Amaranthaceae, Chenopodiaceae, Cruciferae, Compositae, Gramineae,
and Solanaceae as plant families with a tendency to accumulate high levels of NO3.
Annual weeds and grasses and the cereal crops are more likely to accumulate higher
levels of NO3 than perennial grasses and legumes (16, 26, 65,

68).

In a comparative

study. Barker and Maynard (5), found that the NO3 concentration of cucumber leaves
and roots were considerably higher than for pea.

Early maturing vegetables, such as

radish and spinach, tended to accumulate larger quantities of NO^ than later matur¬
ing varieties at a given rate of N fertilization (10, 1 1, 14, 39).

Cantliffe (14) in a

comparative study found that the NO3 concentration of radish leaves was 7 times
that of spinach even though the rate of NO3 fertilizer of the spinach was twice
that of the radish.

Variation in NO3 accumulation among radish cultivars have
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been suggested (10, 11, 14), while spinach cultivars have been shown to vary
considerably in

NOg

concentrations (6).

Several studies have shown that

spinach smooth leaf cultivars were lower in
(4,

6,

NOg

than savoyed leaf cultivars

39). Olday (48) in a comparative study found that differences in plant

NO3-N

concentration for smooth and savoyed leaf spinach cultivars was

directly related to the higher nitrate reductase activity of the smooth leaf
cultivar.

These studies suggest that the selection and development of vege¬

tables with a low capacity for

NO3

accumulation is a feasible and desirable

practice.
2) Internal Factors.

Nitrate is not accumulated uniformly throughout the

plant (7, 10, 14, 26, 41,65,
highly influence

NO3

68).

accumulation and distribution in plants (7, 26, 58, 65,

In general, the distribution of
maximum

NO3

Age of the plant and nitrate reductase activity

NO3

68).

is such that petioles and stems are sites of

accumulation, while leaves are generally higher than roots

with reproductive parts being the lowest in

NOg

concentrations (26, 39, 65,

Nitrate tends to accumulate in the older portions of the plant (26, 65,

68).

68),

primarily due to shading (13, 14) and a concurrent reduction in NOg reductase
activity (24).

The accumulation of NO3 in nonchlorophyllous tissue is due to

a low capacity for reduction and assimilation of NO3 in these areas (7, 26, 65,

68).
Viets and Hageman (65) suggested that the amount of carrier for nitrate uptake
could vary within a species and for a given genotype, depending upon the physio¬
logical age and status of the plant.

This is supported by Sayre (58) and others

(65), who observed a decrease in NO3 accumulation for corn 45 days after
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planting and the essential cessation of uptake

20

days later, and by the obser¬

vation that wheat continued to accumulate NO3 into the reproductive stage (65).
3) External Factors.

Recent studies have shown that the application of high

levels of N fertilizers can lead to the accumulation of excessive levels of NO3
in vegetables (3, 4, 5, 10, 11, 14, 30, 39, 52, 65,

68).

A direct relationship

between the quantity of NO3 supplied in the fertilizer, and the plant NO3-N
concentration has been observed (4, 11, 14, 39, 52, 65,

68).

Barker et al. (4)

found that when ammoniacal fertilizers supplied all or part of the N source,
sidedressing the fertilizer was an effective means to reduce NO3-N accumu¬
lation in plants.
Factors other than the soil N levels, such as light (7,
68),

temperature (15, 16, 18, 26, 65,

68),

8,

13, 14, 25, 26, 65,

and moisture stress (25, 65,

contribute significantly to high NO3 levels in plants.

68)

can

An increase in nitrate

reductase activity which leads to a decrease in NO3-N concentrations is ob¬
served with high light intensity (7,

8,

13, 14).

Nitrate reductase activity and

thus NO3-N concentrations are affected by diurnal variations (24) and light
quality (13, 14).

Cantliffe (14) found that the total N concentration was

larger for plants grown under an

8-hour

grown under longer photoperiods.

photoperiod as opposed to that of plants

It has been shown that the presence of a high

NO3 concentration in the growing medium may result in a depletion of the plants
carbohydrate reserves and thus increase the NO3-N concentration of the plant
(7, 65,66,

68).
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Both high temperature (15, 16, 18) and moisture stress (26, 65,
been shown to drastically reduce or inactivate nitrate reductase.

68)

have

The NO3-N

concentration of spinach was observed to increase with increasing temperatures
of 5° to 25°C (15).

In general, high temperature results in increased transpir¬

ation and an increase in plant NO3-N concentrations when soil NO3 is not
limiting (26, 65,

68).

Use of a Nitrification Inhibitor
All ison (2) reported that fertilizer-use efficiency is only about 50 percent
under many soil and cropping conditions.

However, it should be emphasized

that, except for NH3 volatilization (44), ammoniacal N fertilizers are subject
to loss only after nitrification (1, 9, 19, 34).

In addition, nitrification can

result in a NC>3-rich growing medium (1, 16, 57, 62) and thus promotes favorable
conditions for excessive NOg-N accumulation by plants (4, 11, 39, 46).

Incor¬

porating a nitrification inhibitor into the soil with ammoniacal fertilizers offers
a means to reduce leaching losses of nitrogen (19, 22, 23, 28, 29, 32, 47, 49,
50, 62, 63) and NO3-N accumulation in plants (46, 47, 61,62, 63).
loss of applied N through denitrification may be avoided (19, 32, 51).

Also,
However,

when using a nitrification inhibitor, consideration to plants sensitive to ammonium
nutrition must be practiced (34, 38).
The nitrification inhibitor, Nitrapyrin, 2-chloro-6-(trichloromethyl) pyridine,
has been utilized effectively to suppress nitrification (19,

22,

23, 59, 64). Bundy

and Bremner (12) evaluated the effectiveness of 24 nitrification inhibitors at a
rate of 10ppm and determined that Nitrapyrin was more effective than the other
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compounds tested.

In addition, they showed that Nitrapyrin was more effective

with light textured soils.

This is in agreement with the findings of Goring (22,

23) who showed that higher concentrations of Nitrapyrin were required with in¬
creasing soil pH and organic matter.
The major degradation product of Nitrapyrin in both the soil (54) and plant
(43, 55) is 6-chloropicolinic acid.

Though the parent compound is relatively

low in mammalian toxicity (47), 6-chloropicol inic acid is several times less
toxic than the parent compound (47).
Nitrapyrin does not accumulate appreciable in plant (43, 55) or animal tissue
(56).

Also, dairy cattle ingesting lOOppm 6-chloropicol inic acid through their

diet had no detectable residues in their milk or cream (31).
Nitrapyrin is a selective nitrification inhibitor, with a high level of toxicity
against Nitrosomonas, the bacterial species responsible for the oxidation of
ammonium to nitrite (22, 23, 28, 32, 45, 57).

Several investigators have shown

that Nitrapyrin, applied within the range of 1 to 2 percent of the applied N
is quite inhibitory to Nitrosomonas while concentrations up to 10 ppm had no
effect on the growth of Nitrobacter and other bacteria and fungi (19, 23, 57).
Norris (47) found that a concentration of 50 ppm Nitrapyrin did not significantly
effect Nitrobacter and soil bacteria and fungi.
Phytotoxicity depends to a large extent upon the concentration of Nitrapyrin,
soil type, as well as the plant species in question (20, 21,61,62).
appear to be especially sensitive to Nitrapyrin (40).

Legumes

Symptoms similar to

those from auxin action were observed by Lynd et al.(37) for black locust

9

seedlings exposed to 1 ppm Nitrapyrin.

Geronimo et al. (20, 21) found Nitra

pyrin to be more phytotoxic than 6-chloropicol inic acid to the grasses while
the opposite was true for the dicotyledonous species when rates up to 2 ppm
were appl ied.
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PART I

TITLE:

A STUDY OF THE PHYTOTOXICITY OF 2-CHLORO-6(TRICHLOROMETHYL) PYRIDINE

ABSTRACT:

Toxicity of Nitrapyrin, (2-chloro-6-(trichIoromethyl) pyridine,
N-serve), occurred on young plants of bean, corn, cucumber,
pea, and pumpkin when its concentration was at least 50ppm in
the soil.

A restriction in fresh or dry weight production was the

most uniform characteristic of Nitrapyrin toxicity.

Cucumbers

and peas showed visible foliar signs of injury which persisted un¬
til harvest while beans showed a temporary manifestation of
Nitrapyrin toxicity on the primary leaves.

Tomato plants did

not appear to be injured at concentrations as high as 100ppm in
the soil.
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INTRODUCTION
Nitrification, which converts ammonium-N to nitrate-N, is a natural process
in soils.

It is beneficial in that it prevents the buildup of phytotoxic concentra¬

tions of ammonium-N in the soil.

Nitrate ions, however, are more subject to

leaching losses than ammonium ions, and in some cases, high concentrations of
nitrates in the soil may lead to undesirable levels of nitrates in plants used for
food or forage.
Nitrification inhibitors may offer a way to reduce leaching losses of nitrogen
and nitrate accumulation in plant tissues.

Until the development of Nitrapyrin,

(2-chloro-6-(trichloromethyl) pyridine, N-Serve, The Dow Chemical Company,
Midland, Michigan 48640), commercial methods to inhibit nitrification have
been only partially successful, other compounds being less specific and less
effective than Nitrapyrin or uneconomical (1, 2, 10).

This compound is

selective for inhibition of ammonium oxidation by Nitrosomonas (12).

In

inhibiting nitrification, Nitrapyrin has been shown to be effective at concen¬
trations as low as 0.05 ppm, with the effectiveness varying with soil character¬
istics (3), but increasing concentrations delay conversion of ammonium-N to
nitrate-N for longer periods of time.
Nitrapyrin, particularly at higher concentrations, has some phytotoxic
effects, which seem to vary with plant species.

Adverse changes in nodule

formation, deformation of roof tips, and severe growth restriction occurred
in alfalfa grown in a sandy loam with 20ppm Nitrapyrin (7).

Lynd ef al. (6)

observed that Nitrapyrin influences plant growth with an auxin-like activity
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and affected at 1 ppm both root and shoot growth of black locust seedlings without
killing the seedlings.

On the other hand, many reports of increased yields have

been associated with the use of Nitrapyrin (See reviews by Gasser (2) and Prasad
et al. (10).
The present investigation was designed to compare five vegetable crops and
field corn with respect to their susceptibilities to damage by Nitrapyrin in their
growth during and following the seedling stage of development.

MATERIALS AND METHODS
The plants used in this study were cucumber (Cucumis sativus, L., cv.
SMR 18), dent corn (Zea mays indentata, Bailey, cv. DeKalb 29), garden
bean (Phaseolus vulgaris, L., cv. Kentucky Wonder), garden pea (Pisum
sativum, L. , cv. Lincoln), pumpkin (Cucurbita pepo, L. , cv. Connecticut
Field), and tomato (Lycopersicon esculentum, Mill., cv. Heinz 1350).
Greenhouse soil containing 7 parts soil, 3 parts peat, and 2 parts sand
was treated with Nitrapyrin, (2-chloro-6-(trichloromethyl) pyridine, NServe, at rates of 5, 10, 25, 50, and 100 ppm.

The Nitrapyrin was mixed

with the soil by means of rotation in a 5gal container.

For each species,

three uniform seedlings were transplanted into lOOOg of the soil mixture con¬
tained in 6-inch plastic azalea pots.

For each species a control to which no

Nitrapyrin was added was included.

All treatments were replicated four times

using a randomized, complete block design.

The experiment was conducted in

the spring of 1971 under greenhouse conditions.

The seedlings were given
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100ml of Hoagland's solution with minor elements (4) ever/ third day with
watering with tap water as needed for 30 days and were then harvested.
Fresh and dry weights of the plant shoots were recorded and analyzed sta¬
tistically (13).

RESULTS
Fresh and dry weights.

The effects of concentration of Nitrapyrin in the

soil on the shoot growth (Table 1) of the various plant species were measured.
The fresh weights of tomato plants were not affected by Nitrapyrin at any rate
of application.

The fresh weights of corn and cucumber plants were signifi¬

cantly lower at the 100 ppm concentration of Nitrapyrin than at lower con¬
centrations or with the control.

Bean seedlings were quite variable in growth

and response, but Nitrapyrin at the 100ppm rate produced significantly lower
fresh weights than the 10ppm rate or control.
sensitive to injury than beans.

Pumpkins appeared slightly more

An increase in the fresh weights of pea seedlings

over the control was observed at 5, 10, and 25 ppm Nitrapyrin in the soil, but
addition of Nitrapyrin to exceed 25 ppm produced significantly smaller fresh
weights than all lower Nitrapyrin rates.
The effects of rates of Nitrapyrin application on the dry weights of each
plant species is also shown in Table 1 .

The dry weights of tomato plants were

not significantly affected by the Nitrapyrin treatments.

Corn showed a slight

drop in dry weight at 50 ppm Nitrapyrin and the decrease became significant at
the 100 ppm level.

The dry weights of cucumber seedlings were significantly
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Within species and weight category, means followed by different letters are

Table 1 .

Fresh and dry weights of young plants grown in various concentrations of
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less with the 100 ppm treatment than with the other treatments and control.
Bean and pumpkin plant weights were again very variable, with the least
growth, although not significantly lower, being produced at the highest
Nitrapyrin application.

Dry weights of pea seedlings did not show the in¬

crease in growth with Nitrapyrin applications as was indicated by the fresh
weights.

Peas showed a general decline in dry weights with increases in

Nitrapyrin concentration in the soil.
It is interesting to note that with few exceptions, maximum fresh and dry
weights occurred at either 10 or 25 ppm Nitrapyrin in the soil.
Visible symptoms of Nitrapyrin injury.

Visible symptoms of Nitrapyrin

damage to the seedlings were clearly evident only on pea and cucumber
plants.

Pea seedlings expressed curling of the leaf margins with Nitrapyrin

applications of lOppm and very pronounced curling above lOppm.
the pea plants died, however.

None of

Cucumbers early in the seedling stage de¬

veloped a constriction girdling the stem'about one-half inch above the soil
level.

The stem was unable to physically support the top portion of the seed¬

ling, and a few seedlings were lost.

However, with most of the seedlings

adventitious roots developed above the constriction, sustaining growth until
harvest.

The primary leaves of bean seedlings yellowed early in their growth,

but the plants overcame this apparent injury and developed no further visible
symptoms.
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DISCUSSION
Cucumbers, garden beans, garden peas, field pumpkins, and field corn were
injured as shown by a restriction in growth when Nitrapyrin concentrations were
at least 50ppm in the soil.

On the other hand, tomato plants were not injured

by Nitrapyrin concentrations as high as 100 ppm.

Only beans, peas, and cucum¬

bers showed any visible symptoms of Nitrapyrin toxicity, and the symptoms persisted
only with peas and cucumbers.

Although not usually significant, there was a ten¬

dency for increased plant growth with Nitrapyrin concentrations up to 10 or 25ppm
in the soil.

Spinach and radishes have been grown in subsequent studies with Ni¬

trapyrin at 50ppm without injury.
No consistent characteristic visual symptoms of Nitrapyrin injury developed in
this study in that no two species showed the same toxicity symptoms even within a
given family.

For example, pumpkin plants did not show the girdling of stems seen

on cucumbers, nor did beans show the curling of leaves seen on peas.

The symptoms

on peas, however, did seem to match the auxin-like injury previously reported on
black locust (7).
The toxicity symptoms on beans, peas, and cucumbers did not appear immedi¬
ately after transplanting into soil containing Nitrapyrin, but required about two
weeks to become evident.
for the phytotoxicity.

It is possible that a breakdown product is responsible

The major residue of Nitrapyrin decomposition in soil is

6-chloropicolinic acid (11).

This compound is absorbed by plants and is generally

distributed throughout the plant (8).

Both Nitrapyrin and 6-chloropicolinic acid

are relatively nontoxic to mammals.

The acute oral LD^q for rats is over 1000mg/
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kg for Nitrapyrin and over 2000mg/kg of body weight for 6-chloropicolinic acid
(9).

No measurable residues have been detected in milk or cream from cows fed

6-chloropicolinic acid at concentrations up to 100 ppm in their diet (5).
Suggested rates (2, 10) of Nitrapyrin application usually do not exceed 2 Ib/A
or 2% of the N fertilization rate.

Although the concentration of Nitrapyrin in

fertilizer bands may reach several ppm, it is quite clear that Nitrapyrin can be
used at suggested rates as a nitrification inhibitor without the likelihood of injury
to crops.

Only if the concentration is very high is injury likely to occur.

It may

be possible, however, to have ammonium toxicity if large applications of ammon¬
ium fertilizers are made in conjunction with Nitrapyrin or other nitrification in¬
hibitors .
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PART II

TITLE:

EFFECT OF N SOURCE AND RATE, pH, AND A
NITRIFICATION SUPPRESSOR ON SOIL NO3
CONCENTRATIONS, GROWTH, AND NO3
ACCUMULATION OF RADISHES

ABSTRACT:

Vegetation high in NO3 has long been recognized as a
health hazard to man and to animals.

Radish (Raphanus

sativus L.) is a rapidly maturing crop that accumulates
substantial quantities of NO3 when cultured on a NO3rich medium.

The objective of this research was to eval¬

uate the influence of a nitrification suppressor,

-chloro-

2

-(trichloromethyl) pyridine, (Nitrapyrin, the active in¬

6

gredient in N-Serve, The Dow Chemical Company, Midland,
Michigan) applied at the rate of 50ppm in conjunction with
(NH^SO^ or

KNO3 at rates of 200, 400, 600, and 800

mg N/pot with and without the addition of lime on soil NO3
levels, plant growth, plant NO3-N concentrations and total
N of radish cultivar 'Cherry Belle1.

The experiment utilized

pot culture with greenhouse conditions.

Yield was not sig¬

nificantly influenced by Nitrapyrin, N source, or soil pH.
The use of ammonium N with and without Nitrapyrin restricted
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ABSTRACT cont.
NO3-N accumulation in the plant tissue in comparison
to the NO3 treatments.

Total N was not significantly

influenced by N source, Nitrapyrin, or soil pH at the
200 and 400 mg rate of NH^ or NO3 application, with
significantly higher total N concentrations being realized
with NH^ rates above 400mg N/pot.

Incorporating Nitra¬

pyrin with NH^ resulted in a significant reduction in NO3-N
concentrations in the soil in comparison to the control receiv¬
ing no additional N at all but the 800 mg NH^-N treatment.
Incorporating Nitrapyrin with KNO3 resulted in a significant
increase in the accumulation of NO3-N in the soil in com¬
parison to the other N treatments over all rates of application.
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INTRODUCTION
The levels of NO3 generally found in planfs are sublethal (11, 22); however,
vegetation high in NO3 is potentially hazardous to man or animals primarily
through the reduction of NO3 to NO2 before or after ingestion (11, 21).

An

estimate of a single toxic dose of NO3-N to humans is 700 to 1000mg while
for cattle 130mg/kg body weight is considered toxic (4, 11).

Nitrate toxicity

is associated with deleterious effects on red blood cells, muscle tissue, and the
formation of carcinoginic compounds (4, 11, 22).

The adverse effects of sublethal

levels of NO3 on the physiology of both animals and humans (11, 22) emphasize
the need to restrict NO3 accumulation in plants.
Plant species (2, 4, 5, 13, 22), environmental (6, 7), and cultural (1,4, 5,
21, 22) variables influence NO3 accumulation in plants.

Early maturing vege¬

tables, such as radish and spinach, tend to accumulate larger quantities of NO3
than later maturing ones at a given rate of N fertilization (5).

Variations in

NO3 accumulation among radish cultivafs have been suggested (4,

), while

6

spinach cultivars have been shown to vary considerably in NO3 concentrations
(2).

For most vegetables, the potential for NO3 or NO2 toxicity to humans is

reduced through processing since both ions are water soluble (11).

Radishes,

however, are one of the highest accumulators of NO3 among vegetables (5,
and are generally consumed fresh.

)

6
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Due to rapid microbial oxidation of NH4 to NO3 (1) use of ammonium
fertilizers to suppress NO3 accumulation is generally not successful and is
dependent upon the rate (4, 5, 21, 22) and timing of application (1, 10).
Light (6), temperature (7), and moisture stress (21, 22) are factors which in¬
fluence NO3 accumulation in plants; however, the level of NO3 in the soil
is probably the most important factor leading to high NO3 levels in plants
(1,5,21,22).
The nitrification inhibitor 2-chloro-6-(trichloromethyl) pyridine (Nitrapyrin) has been utilized effectively to inhibit the oxidation of NH4-N to
NO2-N by Nitrosomonas (8, 10).

When incorporated into the soil at the

recommended quantities of 1 to 2 percent of the applied N (20), Nitrapyrin
is neither toxic to higher plants (9), nor active against other members of the
microflora (8, 10).

Nitrapyrin has been utilized effectively to suppress NO3

accumulation in grass (15), to retard leaching losses of N (10), and loss of N
through denitrification by inhibiting nittification (3,

8,

17).

Detrimental effects in using a nitrification inhibitor may occur in plants
sensitive to NH4 nutrition (16).

Maynard and Barker (12) described symptoms

of ammonium toxicity for several dicotyledonous plants as, an immediate
restriction in growth rate, wilting,

marginal necrosis and internal chlorosis

of terminal leaves and finally, death of the entire plant.

It is the intent

of this study to compare the growth, plant total N concentration, plant
NO3-N concentration, and the accumulation NOg-N in the soil for radish
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cv. 'Cherry Belle* when cultured on (NH^SC^ or KNO3 at various rates
of application with and without the incorporation of Nitrapyrin and lime into
the growing medium.

MATERIALS AND METHODS
This study was conducted with greenhouse conditions in the spring of 1972.
A randomized complete-block design with four replications was used.

The pH

of one-half of the soil mixture (consisting of 7 parts loam, 3 parts peat moss,
and 2 parts sand by volume) was raised from 6.5 to 7.5 with the addition of
50 mg CaCO^/kg of soil (Table 1).

Nitrapyrin was incorporated at a concen¬

tration of 50 ppm to one-half of the soil mixture at pH 6.5 and to one-half of
the soil mixture at pH 7.5.

Both Nitrapyrin and CaC03 were mixed with the

soil by means of rotation in an 18-1 container.
Raphanus sativus L., cv. 'Cherry Belle1 was seeded directly into 1000 g of
soil placed in 15 cm plastic azalea pots.

After 12 days the radish population

was reduced to 3 uniform seedlings per pot, and solutions of (NH4)2SO^ or
KNO3 in demineralized water were applied to give 0, 200, 400, 600 and
800 mg N/pot.
The radish plants were harvested at market maturity, 48 days after planting.
Fresh and dry weights of the radish plants were determined on a g/pot basis.
The plant material was dried in a forced-air oven at 70°C and ground in a
Wiley mill to pass a 20-mesh screen.

Nitrate concentrations in the plant

tissue and soil were determined potentiometrically, using a nitrate-selective
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Table 1 .

Soil pH as influenced by KNO3, (NH4)2SC>4, rate of N

application, and Nitrapyrin.

MW .

N Applied

Kin

'4

3

mg/kg

Without

With

Without

With

soi

Lime

Lime

Lime

Lime

0

6.5

7.6

6.5

7.6

200

6.2

7.6

6.5

7.6

400

6.0

7.5

6.5

7.6

600

6.0

7.5

6.5

7.6

800

5.8

7.4

6.5

7.6

1
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ion electrode (1).

Total N was measured by a modified Kfeldahl method

without the addition of a reducing substance (19).

The data were statistically

analyzed by the methods of Steel and Torrie (18).

RESULTS
Yields.

Maximum fresh weights for the (NH^^SO^ treatments were ob¬

tained at the 200 and 400mg/pot N applications (Table 2).

Each 200mg

increment in NH4-N above 400mg/pot resulted in a significant reduction in
fresh weights.

Fresh weights for the (NH^^SO^ plus Nitrapyrin treatments

were highest for the 200mg/pot N application, and although no statistical
significance was observed between the 200 and 400 mg N application, fresh
weights tended to decline with each NH^-N increment above 200mg/pot.
No significant difference in the fresh weights of the (NH^^SO^ and (NH^^
SO4 plus Nitrapyrin treatments was observed at any level of N application.
Maximum fresh weights were obtained from the KNO3 treatments at the
200 and 400mg/pot N applications.

All NO^-N increments above 400mg/pot

N reduced yields relative to the maximum yield.

No significant differences in

the fresh weights between the KNO3 and KNO3 plus Nitrapyrin treatments
were observed except at the 800 mg/pot application where Nitrapyrin or KNO3
apparently caused a drop in yield.
Overall, growth was not significantly influenced by Nitrapyrin.

Neither

the addition of lime nor the interaction of lime with the other experimental
variables significantly affected yield.

Dry matter production was influenced

by the same variables and to the same degree as fresh weight yields.
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Table 2.

The influence of N source, N rate and Nitrapyrin on the fresh

weight of radish plants.

Fresh Weight of Whole Plant
N Appl ied

-NH4

-NO

3

mg/kg

Without

With

Without

With

soi 1

Nitrapyrin

Nitrapyrin

Nitrapyrin

Nitrapyrin
■

9/ Por

1

0

28 c

35 ab

28a

35 b

200

54 c

48 d

50 c

52 c

400

51 c

44 cd

52 c

53 c

600

37b

40bc

36 b

38 b

800

29 a

30a

35 b

26 a

Means within columns followed by a different letter are significantly
different (P = 0.01).
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Plant NO3-N concentration.

For the (NH4)2SC>4 treatment without

Nitrapyrin the lowest accumulation of NO3 was realized at the 200mg/pot
N application (Figure 1).

Each 200mg increment in NH4-N application

above 200mg/pot resulted in a significant and equal increase in plant NO3-N
concentration.

For the (NH4)2SC>4 plus Nitrapyrin treatment plant NO3-N

concentrations were significantly lower at all NH4-N applications than for
the corresponding (NH4)2S04 without Nitrapyrin treatment. The plant NO3-N
concentration for the 200 mg (NF^^SO^ plus Nitrapyrin treatment was statisti¬
cally equal to the control.
For the KNO3 treatments plant NO3-N concentrations were statistically
equal at the 200 and 400mg applications, with each additional 200mg in¬
crement in NO3-N application resulting in a significant increase in plant
NOg-N concentration.

The plant NOg-N concentrations for the KNOg

plus Nitrapyrin treatments were statistically equal at all NO3-N applications
in comparison to the KNO3 without Nitrapyrin treatments.
Relative to the KNO3 treatments, use of (NF^^SO^ resulted in signifi¬
cantly lower plant NO3-N concentrations at all but the 400mg NFI4-N
application.

The plant NO3-N concentration for the (NF^^SC^ plus

Nitrapyrin treatment was highly significantly lower in comparison to the
other treatments.

Neither liming the soil nor the interaction of lime with

the other experimental variables significantly influenced the plant NO3-N
concentrations.

29

by H3d 31VU1IN 6uj
c
o
o
c ^^
00
o
-1— ■1 0■
U
D
u
-*
u
Q_
Q. c
0
O
Q_
JO
M—
o
"o
</>
0
1
0
o
_c
4—
~o "O
C
c
o
D
•—

Z

-

0

o
1—

D
o

V)

WITHOUT N-SERVE_

Z
"0

>
i_

10
-

0.

O
i_
O
“O
0
l/l
o
O

0

00
c
_a
'— a.
c _c
</>
1—
X O
00
1

z

CL

O

U0

2

§

o
u

c
u

i-+<-4-

a)

0

0

c
o

a)

o

zI

CO

0
D

CD

INVId Nl N390dllN-31VdllN
!N30d3d

o

z
0

the time of harvest.

WITH N-SERVE

“IIOS

30

Total N concentrations.

Although all

treatments increased

total N in the plant relative to the control, total N concentrations v/ere not
increased significantly by NH4-N increments from 200 to 400 or from 400 to
800mg pot with or without Nitrapyrin (Table 3).

For the KNO3 with and

without Nitrcoyrin, totcl N concentrations were statistically equal over all
NO3-N applications, but were significantly greater than the control. Neither
the incorporation of lime, Nitrapyrin, nor the interaction of lime or Nitrapyrin
v/ith the other experimental variables affected totcl N concentrations signifi¬
cantly.
Soil NC3-N concentrations.

A highly significant increase in soil NC^-N

concentration occurred with ecch increcse in NH^-N application for the
SC4 without Nitrapyrin treatment (Figure 1).
the

NH^^

Soil NC3-N concentrations for

NH^^SO^ plus Nitrcoyrin treatment were statistically equcl to that of the

control at all but t^.e highest NH4-N coplicction.

At all NH^-N applications,

highly significantly lower soil NC3-N concentrations v/ere observed for the
'NH4J2SC4 plus Nitrapyrin treatment in comparison to the (NFfy^SC^ v/ithout
Nitrcoyrin treatment.

For the KNC3 treatment with end without Nitrapyrin,

each increment ir NC3-N application resulted in c highly significant increase
in the soil NC3-N concentration.

The soil NO3-N concentration for the KNO3

plus Nitrcoyrin treatment was significantly higher at all NCn-N applications in
comparison to the KNC3 without Nitrcoyrin treatment.
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Table 3.

The influence of N source, N rate and Nitrapyrin on the total N

content of radish plants.

N Applied

-NH^-

-NO^-

mg/kg

Without

With

Without

With

soil

Nitrapyrin

Nitrapyrin

Nitrapyrin

Nitrapryin

% N, dry wt
0

2.6 a

2.3a

2.6 a

2.3a

200

4.1 b

4.2b

4.1 b

3.8b

400

4.6bc

4.5 be

4.2b

4.1 b

600

5.0 c

4.9c

4.3b

4.2b

800

5.2c

5.0 c

4.6b

4.4b

Means within columns followed by different letters are significantly
different (P = 0.01).
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A highly significant interaction between Nitrapyrin and both (NH^SO^
and KNO3 in relation to soil NO3-N concentration was observed.

The highest

soil NO3-N concentration occurred with the KNO3 plus Nitrapyrin treatment,
while the lowest accumulation of soil NO3-N concentration occurred with the
(NH4)2SC>4 plus Nitrapyrin treatment.

Also, the soil NO3-N concentration

for the (NH4)2SC>4 treatment without Nitrapyrin was significantly higher at
each NH4-N application in comparison to the KNO3 without Nitrapyrin treat¬
ment.
In agreement with the finding of Goring (10), the soil NO3-N concen¬
tration for the (NH4)2S04 plus Nitrapyrin applied to limed soils was approx¬
imately twice that of the (NH4)2S04 plus Nitrapyrin used in the unlimed soils.
The soil NO3-N concentration was not significantly influenced by the inter¬
action of lime with the KNO3 with or without Nitrapyrin treatment.

DISCUSSION
The equal production of fresh weights of the whole plant indicates that
(NU-14)2^04 was utilized as effectively as KNO3 in supplying N for this radish
cultivar.

However, subsequent studies have shown that the radish shoot is tol¬

erant of NH4 nutrition, while root fresh and dry weights are adversely affected
when Nitrapyrin is incorporated into the growing medium (14). Supplying N as
(NH4)2SC>4 was an effective means to suppress NO3 accumulation in the plant
if over fertilization was avoided.

Also, it is apparent that with high amounts

of NH4-N application, oxidation of NH4 to NO3 resulted in higher plant and
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soil NO3--N concentrations.

Use of the nitrification inhibitor, Nitrapyrin, to

suppress NO3 accumulation in this radish cultivar was extremely effective even
with excessive application of ammonium fertilizer.

For all radish plants cultured

on (NH^gSO^ plus Nitrapyrin there was at least a 70 percent reduction in plant
NOg-N concentration in relation to the (NH^JgSO^ treatment without Nitra¬
pyrin at each N application.

Thus for rapidly maturing crops tolerant of NH4

nutrition, utilization of Nitrapyrin as a nitrification suppressor reduces the po¬
tential for excessive NOg accumulation by eliminating the NOg-rich growing
medium.

Possibly, plant, environmental and cultural variables and their in¬

fluence on NOg accumulation would become of secondary importance with
the elimination of a NOg-rich medium.
Comparing the plant NOg-N concentration and the soil NOg-N concen¬
trations at harvest (Figure 1) suggest that an apparent NOg-rich growing medium
during the latter stages of maturity did not increase NOg accumulation by this
radish cultivar.

Brown and Smith (5) observed an increase in the NOg-N con¬

centration of radishes at 29 and 39 days after seeding; however, they indicated
that environmental conditions may have accounted for the observed differences
in plant NOg-N concentrations.

Other investigators have shown that corn

plants did not absorb appreciable quantities of NOg after tassel emergence
while wheat plants continued to absorb NO3 while in full head (21).

Also,

it has been suggested that the amount of NOg carrier present within a species
and a given genotype may vary depending upon the physiological age (21).

It

is possible that radishes did not absorb NO3 during the later stages of the roots
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soil NOg-N concentrations.

Use of the nitrification inhibitor, Nitrapyrin, to

suppress NO3 accumulation in this radish cultivar was extremely effective even
with excessive application of ammonium fertilizer.

For all radish plants cultured

on (NH^SC^ plus Nitrapyrin there was at least a 70 percent reduction in plant
NOg-N concentration in relation to the (NH^^SO^ treatment without Nitra¬
pyrin at each N application.

Thus for rapidly maturing crops tolerant of NH4

nutrition, utilization of Nitrapyrin as a nitrification suppressor reduces the po¬
tential for excessive NO3 accumulation by eliminating the NOg-rich growing
medium.
fluence on

Possibly, plant, environmental and cultural variables and their in¬
NOg

accumulation would become of secondary importance with

the elimination of a NOg-rich medium.
Comparing the plant NO3-N concentration and the soil NO3-N concen¬
trations at harvest (Figure 1) suggest that an apparent NOg-rich growing medium
during the latter stages of maturity did not increase NO3 accumulation by this
radish cultivar.

Brown and Smith (5) observed an increase in the NOg-N con¬

centration of radishes at 29 and 39 days after seeding; however, they indicated
that environmental conditions may have accounted for the observed differences
in plant NO3-N concentrations.

Other investigators have shown that corn

plants did not absorb appreciable quantities of NO3 after tassel emergence
while wheat plants continued to absorb NO3 while in full head (21).

Also,

it has been suggested that the amount of NO3 carrier present within a species
and a given genotype may vary depending upon the physiological age (21).

It

is possible that radishes did not absorb NO3 during the later stages of the roots
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development.

Thus, these data with that of previous investigators suggest that

investigations correlating the soil nitrogen level with uptake and assimilation
during all stages of maturity for individual species would be necessary for pre¬
dicting the rate and timing of fertilizer application to given maximum yields
without excessive accumulation of NO3-N when a nitrification inhibitor is
not utilized.
It is of considerable interest that Nitrapyrin applied with KNOg resulted
in significantly higher soil NO3-N concentrations than when KNO3 was
applied without Nitrapyrin.

Since previous investigators have shown that up

to 50 percent of the applied N in pot culture may be lost by denitrification
(4), it would appear that Nitrapyrin may be inhibitory to denitrification organ¬
isms and hence, may elevate soil NO3-N concentrations.

This occurrence may

have great practical significance in soils where denitrification results in a sig¬
nificant loss of applied N, and NO3 is required as the N source.

It may also

be an important factor when used with crops which continue to accumulate NO3
from the soil throughout their life cycle due to the possibility of elevating NO3N contents in plants by the increase in NO3-N in the soil.
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PART III

TITLE:

A STUDY OF THE EFFECTS OF TWO NITROGEN SOURCES,
COMBINATIONS OF THE NITROGEN SOURCES, AND A
NITRIFICATION INHIBITOR, NITRAPYRIN, ON THE
GROWTH AND NITRATE ACCUMULATION IN RADISH
PLANTS

ABSTRACT:

Radishes (Cherry Belle) were grown in the greenhouse with
nitrogen supplied as (NH^^SO^, KNO^, or combinations
of the two nitrogen sources at a rate of 400mg N/pot.
Yields of radish roots were significantly lower when ammon¬
ium was the only nitrogen source and the nitrification in¬
hibitor, Nitrapyrin, was present.

Shoot growth was lowest

when nitrate alone was the nitrogen source.

Both root and

shoot yields were higher with combinations of the two nitrogen
sources ranging from 25 to 75% ammonium nitrogen.

Use of

the nitrification inhibitor with ammonium nitrogen restricted
nitrate accumulation in the radishes.

Total N of the root was

not significantly affected by N treatment or Nitrapyrin.
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INTRODUCTION
This study was conducted after the study in which radish (Raphanus sativus L.,
cultivar 'Cherry Belle') utilized (Nh^^SO^ as effectively as KNO3 for total
plant growth, with or without the nitrification suppressor Nitrapyrin (2-chloro6-(trichloromethyl)

pyridine incorporated into the medium (5).

In addition, it

was shown that Nitrapyrin applied with (NH4)2S04 was an effective means to
restrict NO3 accumulation in radishes.
Previous investigators have shown that the concentration of NO2 is generally
higher in radish shoots than roots (2, 3).

Also, the level of NO3 found in the

plant is highly influenced by the rate of N application (2, 3, 5).
of this study are as follows:

1)

The objectives

to evaluate the effectiveness of several rates of

Nitrapyrin in suppressing NO3 accumulation in radish shoots and roots; and 2)
the effect on yield and total N concentrations when (NH4)2SC>4, KNO3, and
combinations of the two N sources.

A rate of 400mg N/pot was found to be

optimum for spinach growth in pot culture as well as producing maximum growth
for radish plants without any toxic effects, although with radish plants
N/pot was as effective as 400mg N/pot.

200mg

Four hundred mg N/pot was chosen

as the N rate so that the above factors could be evaluated in terms of over¬
fertilization for this particular crop.
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MATERIALS AND METHODS
This study was conducted with greenhouse conditions in the spring of 1973.
A pot culture arranged in a randomized complete-block design with four repli¬
cations was utilized.

The growing medium consisted of 7 parts loam, 3 parts

peat moss, and 2 parts sand by volume at a pH of 6.7.

The nitrification

suppressor, Nitrapyrin, (2-chloro-6-(trichloromethyl) pyridine) was incorporated
into the soil by means of rotation in an 18-1 container at rates of 5, 10, and
50ppm, with the inclusion of a control without Nitrapyrin.
Radishes (Raphanus sativus L., cultivar 'Cherry Belle') were seeded into 15cm
plastic pots containing a kg of soil.

The plant population was thinned to 3 uniform

seedlings per pot 12 days after germination.
viding 400mg NH4-N, 300mg NH4-N +
200mg NO3-N, lOOmg NH4-N

At this time nitrogen treatments pro¬
lOOmg NO3-N, 200mg NH4-N

+

+ 300mg NO3-N, or 400mg NO3-N were

applied as (NH4)2SO^ and/or KNO^ in demineralized water.
At apparent market maturity, 35 days after seeding, the radish plants were
harvested and separated into shoots and roots.
termined on a g/pot basis.

Fresh and dry weights were de¬

The plant material was dried in a forced-air oven

at 70°C, and then ground with mortar and pestle.

Nitrate concentrations were

determined with a nitrate-selective ion electrode using a distilled water extract
of the plant material (1).

Total N was measured by a modified Kjeldahl method

without the addition of a nitrate reducing substance (7).
cally analyzed by the methods of Steel and Torrie (6).

The data were statisti¬
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RESULTS
Shoof yield.

For the control, without Nitrapyrin, shoot fresh and dry

weights were statistically equal over all N treatments (Tables 1 and 2).

At

each rate of Nitrapyrin application, shoot fresh or dry weights were statistically
equal when NH4 supplied all or part of the N treatment while the 400mg NO3-N
treatment resulted in consistently lower yields.

Shoot fresh and dry weights at

each N treatment were not significantly influenced by the incorporation of
Nitrapyrin into the medium.
Root yield.

For the control, without Nitrapyrin, root fresh weights were

statistically equal over all N treatments (Table 3).

At each rate of Nitrapyrin

application, the 400mg NH4-N treatment resulted in a significant reduction in
root fresh weights in comparison to the other N treatments.

N treatment con¬

sisting of combinations of the two N sources resulted in root fresh weights equal
to or significantly greater than those of the 400 mg NO3-N treatment at each
rate of Nitrapyrin application.

For the 400mg NH4-N treatment, all Nitrapyrin

rates reduced root fresh weights equally but significantly in comparison to the
control.

For N treatments consisting of combinations of the two N sources, root

fresh weights were statistically equal to the control at all Nitrapyrin rates except
for the 300mg NH4-N

+

lOOmg NO3-N treatment at the 50ppm Nitrapyrin rate.

For the 400mg NO3-N treatment, Nitrapyrin increments greater than 5 ppm re¬
sulted in a significant reduction in root fresh weights in comparison to the control.
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Table 1 .

Fresh weights of radish shoots as influenced by N source, com¬

binations of N sources, and Nitrapyrin.
NH^

NOg

mg N/pot

- Nitrapyrin, ppm 0

5

10

50

g/pot
400

0

11.9c

11 .2bc

12.1 c

10.9bc

300

100

12.1 c

12.5c

12.6c

10.9bc

200

200

12.4c

11.8c

12.1 c

12.4c

100

300

11.8c

11 .3bc

11.6c

12.7c

0

400

10.5abc

9.0ab

8.3a

8.5 a

Means followed by a different letter are significantly different (P - 0.05).
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Table 2.

Dry weights of radish shoots as influenced by N source, com¬

binations of N sources, and Nitrapyrin.
NH4

NO^

-Nitrapyrin, ppm-

mg N/pot

0

5

10

50

- g/pot 400

0

1.20cd

300

100

1.10

200

200

1 .23d

1.11

100

300

1.08 abed

1.06abcd

1.04 abed

0

400

1.04abcd

0.89ab

0.88

abed

1.15 cd
1

.24d
bed

1

.17cd

1.09abcd

cd

1 .04 abed

1 .21

1

.26 d

a

1 .12

1

cd

.18cd

0.97ab

Means followed by a different letter are significantly different (P - 0.05).
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Table 3.

Fresh weights of radish roots as influenced by N source, com¬

binations of N sources, and Nitrapyrin.

nh4

no3

-Nitrapyrin, ppm0

mg N/pot

5

10

50

y/ h*-"
400

0

34.1 de

25.4ab

23.1 a

22.1 a

300

100

35.4 de

35.9de

33.6 cd

29.2bc

200

200

38.4e

36.1 de

37.9 de

35.8 de

100

300

35.5 de

38.4e

34.7de

35.5 de

0

400

35.2 de

33.4 cd

29.3 be

29.1 be

Means followed by a different letter are significantly different (P - 0.05).
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For the control, without Nitrap/rin, root dry weights were statistically
equal over all N treatments (Table 4).

At each rate of Nitrapyrin application,

root dry v/eights were consistently lower for the 400mg NH^-N treatment while
combinations of the tv/o N sources resulted in root dry v/eights equal to or sig¬
nificantly greater than those of the 400mg N03«N treatment.

In a comparison

to the control, Nitrapyrin rates of 5 ppm did not significantly affect root dry
weights at each N treatment while at 10 and 50 ppm only the root dry weights
of the 400 mg NH^-N treatment were significantly lower.
Shoot NO3-N concentrations.

For the control, v/ithout Nitrapyrin, shoot

NO3-N concentrations v/ere lov/est with the 400mg NH4-N treatment, with
equal but significantly higher NO3-N concentrations observed over the other
N treatments (Table 5).

At each rate of Nitrapyrin application, the 400 mg

NH4-N treatment resulted in shoot NO3-N concentrations that v/ere signifi¬
cantly lov/er than those of the other N treatments.

As NO3-N increased from

25 to 75 percent of the N supply, an increase in shoot NO^-N concentrations
v/as observed.

No significant difference in shoot NO3-N concentrations v/ere

observed between N treatments v/here NOQ supplied 75 or 100 percent of the
N supply.

A comparison of the control with all rates of Nitrapyrin application

shov/ed an equal but significant reduction in shoot NO3-N concentrations due
to the addition of Nitrapyrin v/hen NH4-N supplied 75 or 100 percent of the N
source.

No significant differences in shoot NO3-N concentrations due to Nitra¬

pyrin v/ere observed when NO3-N supplied 50 percent or more of the N source.
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Table 4.

Dry weights of radish roots as influenced by N source, com¬

binations of N sources, and Nitrapyrin.
NH4

NO3

- Nitrapyrin, ppm -

mg N/pot

0

5

10

50

g/pot
400

0

1

.76 cde

1 .45bc

1.24ab

0.98a

300

100

1

.87de

1 .99e

1.80de

1 .55 cd

200

200

1 .95e

1

1.92e

1

100

300

1 .93 e

1 .92e

1.68

0

400

1

1 .73 cde

1.52bcd

.82 de

.86de

cde

.80 de
.74cde

1

1 .54 cd

Means followed by a different letter are significa ntly differen t (P = 0.01).
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Table 5.

Accumulation of Nitrate-N in radish shoots as influenced by N

source, combinations of N sources, and Nitrapyrin.

NH4

NO3

-Nitrapyrin, ppm-

mg N/pot

0

5

10

50

NO3-N, % dry wt
0.65 be

0.14a

0 10

a

0.16a

100

1.16 efg

0.55b

0.63b

0.57b

200

200

1.18 efg

0.95 de

0.94 de

0.95de

100

300

1.21

fg

1.21

fg

1

0

400

1 .01

defg

1.11

efg

1 .05 defg

400

0

300

.

• 26 g

1 .21

1

fg

.14 efg

Means followed by a different letter are significantly different (P - 0.05).
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Root NO3-N concentrations.

Root NO3-N concentrations for the control

without Nitrap/rin were lowest with the 400 mg NH^-N treatment and increased
as the proportion of NO3 increased (Table

).

6

At each rate of Nitrapyrin appli¬

cation, the lowest NO3-N concentration was observed at the 400mg NH^-N
treatment, and the highest NO3-N concentration was observed at the 400 mg
NO3-N treatment.

For N treatments consisting of combinations of the two N

sources, root NO3-N concentrations increased as NO3 supplying part of the N
source increased from 25 to 75 percent.

Over all rates of Nitrapyrin applications,

root NO^-N concentrations were equally but significantly reduced in comparison
to the control for the N treatments where NH4 supplied 75 or 100 percent of the
N source.

For N treatments where NO3 supplied 50 , 75, or 100 percent of the

N source, root NO3-N concentrations were statistically equal over all Nitra¬
pyrin rates and the control.
Shoots and roots total N concentrations.

For the control, without Nitrapyrin,

shoot total N concentrations were significantly higher with the 400 mg NH^-N
treatment and significantly lower with the 400 mg NO3-N treatment in com¬
parison to the other N treatments (Table 7).

Shoot total N concentrations

were statistically equal over all N treatments consisting of combinations of
the two N sources for the control.

At each N treatment, shoot total N con¬

centrations were statistical ly equal overall Nitrapyrin rates and the control.
For the control and each rate of Nitrapyrin application, root total N con¬
centrations were statistically equal over all N treatments.

At each N treatment,

no significant difference in root total N concentrations were observed between
all rates of Nitrapyrin applications and the control.
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Table 6.

Accumulation of Nitrate-■N in radish roots as influenced by N

source, combination of N sources, and Nitrapyrin.
KIH

INn4

NO
INU3

0

mg N/ pot

5
invj j-in ^

400

0

300

10

50

/o ury wr

0.61 c

0.05 a

0.06 a

0.12a

100

0.72 cd

0.37b

0.38b

0.38b

200

200

0.92 de

0.78 cd

0.71 cd

0.72 cd

100

300

1 .04 ef

1.03 ef

1 .05 ef

0.88d

0

400

1 .21 f

1.14 ef

1 .06 ef

0.95 de

Means followed by a different letter are significantly different (P - 0.05).
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Table 7.

Total nitrogen of radish shoots as influenced by N source, com¬

binations of N sources, and Nitrapyrin.

NH^

NO^

mg N/pot

-Nitrapyrin, ppm0

5

10

50

% N, dry wt
6.5e

6.4de

6.4 de

6.3 ede

100

5.9 bed

6.3 ede

6 .Obcde

6.Obcde

200

200

5.6b

5.8bc

5.8 be

5.9bcd

100

300

5.6b

5.7b

5.8 be

5.9bcd

0

400

5.0a

5.1a

5.0a

5.1a

400

0

300

Means followed by a different letter are significa ntly different (P = 0.05).
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Table 8.

Total Nitrogen of radish roots as influenced by N source, com¬

binations of N sources, and Nitrapyrin.

NH^

NO^

mg N/pot

- Nitrapyrin, ppm0

5

10

50

% N, dry wt
400

0

2.9a

2.9a

3.1a

3.1a

300

100

2.9a

2.9a

2.9a

2.9a

200

200

3.1a

3.1a

2.9a

2.9a

100

300

3.1a

3.1 a

3.0a

3.0a

0

400

3.1a

3.1a

2.9a

2.9a

Means followed by a different letter are significantly different (P - 0.05).
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DISCUSSION
With Nitrapyrin excluded from the growing medium, supplying fertilizer
N in the ammonium form resulted in lower shoot and root NO3-N concentrations
in comparison to the other N treatments.

This is particularly significant in that

equal yields of shoot and root fresh and dry weights occurred over all N treat¬
ments without Nitrapyrin.

Also, root total N concentrations were statistically

equal over all N treatments while significantly higher shoot total N concen¬
trations were realized for the 400 mg NH4-N treatment.
Previous investigators have shown that NO3 accumulation is greater in the
leaves of radishes than in the roots (2, 3).

It is interesting to note that for the

400mg NH4-N treatment without Nitrapyrin the NO3-N concentration of the
radish shoot is 0.65%, and for the root it is 0.61%.

For each N treatment con¬

sisting of combinations of the two N sources shoot NO^-N concentrations were
considerably higher than that of the root, while when NO3 supplied all of the
N source, root NO3-N concentrations were higher than that of the shoot.

In

addition, shoot NO^-N concentrations for N treatments consisting of combin¬
ations of the two N sources were not significantly different from that of the 400
mg NO3-N treatment while, root NO3-N concentrations increased with each
increment of NO3 fertilizer.

These results suggest that NO3-N accumulation

in the shoot reaches a maximum level above which storage of NO3-N accumu¬
lated is shifted to the root.
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As previous studies have shown (4), rapid oxidation of applied ammoniacal
N to NO^ circumvents the effectiveness of utilizing ammonium fertilizer as a
means of suppressing NO3-N accumulation in crops.

The effectiveness of

Nitrapyrin in inhibiting nitrification is realized by the 75% reduction of shoot
and root NO3-N concentration for the 400 mg NH4-N treatment.

However,

though Nitrapyrin did not significantly affect shoot yield of the 400 mg NH^-N
treatment, a significant reduction in root fresh weights were observed and attrib¬
uted to ammonium toxicity and not a specific toxicity resulting from Nitrapyrin.
With NH4 supplying 75 percent of the N source, an approximately 50 percent
reduction in shoot and root NO3-N concentrations was realized over all Ni¬
trapyrin rates and without a concurrent reduction in root yield for the 5 and
10 ppm Nitrapyrin rates.

In addition, the root NO3-N concentration for the

5 and 10 ppm Nitrapyrin rates was 40 percent lower than that for the 400 mg
NH^-N treatment without Nitrapyrin, while total N and root and shoot yields
were statistically equal.

Nitrapyrin effectiveness was limited to these two N

treatments (75 or 100 percent NH4-N) in that the NO3-N concentrations were
statistically equal over all Nitrapyrin rates to that of the control when NO3
supplied 50 percent or more of the N.
Previously (5) it was shown that radish yields for the whole plant were
statistically equal for the 400 mg N from (NH^^SO^ or KNO3 treatments with or
without Nitrapyrin.

In addition, Nitrapyrin applied in conjunction with KNO^

resulted in significantly higher soil NO3-N concentrations in comparison to the
KNO3 treatment without Nitrapyrin.

It is interesting to note that in this study
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shoot yield for the 400 mg NO3-N treatment was significantly lower at the
10 and 50 ppm Nitrapyrin rates than for those of the 400 mg NH4-N treatment.
However, root yields for the 400 mg NO3-N treatment were significantly higher
at all Nitrapyrin rates than for those of the 400 mg NH^-N treatment.

Wallace

and Pate (8) suggested that a high NO3 medium can deplete the supply of carbon
skeletons from the shoot resulting in a reduction of the assimilatory capacity of
the roots.

Thus, these data with that of previous investigators suggest that a

high NO3 medium can result in a reduction of shoot yield.

Also, shoot yield

for the 400 mg NH4-N and NO^-N treatments were statistically equal over all
Nitrapyrin rates and the control while root yields were significantly reduced at
the 5 and 10 ppm Nitrapyrin rates in comparison to the control.

Thus it would

appear that Nitrapyrin effect on shoot and root yield was highly influenced by
the N source with the total reduction realized with both N sources being sta¬
tistically equal.
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PART IV

TITLE:

A STUDY OF THE EFFECT OF N SOURCE AND RATE,
pH, AND A NITRIFICATION SUPPRESSOR, NITRAPYRIN
2-chIoro-6->rrichlororrethyl pyr'air.e

CN THE GROWTH

AND NITRATE ACCUMULATION IN SPINACH LEAVES

ABSTRACT:

The ~ost significant factors affecting nirrcte accunulcHon
in greernouse spinach were N source ana ra*e of application.
The next tost important factor was tne presence of 'he nitri¬
fication suppressor, Nitrapyrin.

Nirrcte accurulcrion v.as

restricted wit*- NH^-N; however, cr-oniu— ^xicity grearly
!irited yields.

best yields were obtained with NC--N with

concurren* high levels o* NC^ in the plan*.

Nitrapyrin

further reduced NOq accumulation with NH^-N but en¬
hanced the toxicity fro— NH4-N.

V/ithin the pH range of

6.0 to 7.0 so!l reac'ion v/cs of lirrle significance in cffecring
growth or r.itrcre cccu—ulction.
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INTRODUCTION
A cultrual requirement for a rapidly maturing crop such as spinach (Spinacia
oleracea L.) is the liberal application of N fertilizers to maintain adequate levels
of N in the rhizosphere during the critical demand period.

This cultural practice

can lead to the accumulation of excessive levels of NO3 in the plant (1,3, 12)
as well as contribute significantly to the NO3 content of ground waters (17).
Concern for the quality of our environment and the potential for NO3 or NO2
toxicity resulting from the ingestion of vegetation high in NO3 (10, 11 , 18)
necessitates the need to develop cultural methods designed to increase fertilizer
N efficiency with a concurrent reduction in plant NO^-N concentration.
Investigations to date have shown that moisture stress (17), high temperatures
(5), and reduced light intensity (4) can result in excessive accumulation of NO^N in the plant tissue.

Variations in the tendency of plant species (18) as well as

between cultivarsofa single species (2,3,4) to accumulate NO3 have been
noted.

However, the most significant factors influencing NO3 accumulation

in plants appear to be the N source, amount of application (1,4, 18), and the
timing of application (1,17,18).

Barker et al (1) showed that regardless of the

N source, NO3 accumulation in spinach was greater if the fertilizer N was
broadcast before seeding as opposed to being sidedressed during the growing
period.
The development of the nitrification suppressor, Nitrapyrin (2-chloro-6(trichloromethyl) pyridine), offers a chemical method to maintain applied
ammoniacal N in the ammonium form (6,8).

The chemical is neither phyto-
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toxic (7) nor active against other members of the microflora (6, 16) when
applied at the recommended rate of 1 to 2 percent of the applied N.

Nitra-

pyrin has been utilized effectively to increase yields by retarding leaching
loss of the NO3 ion (13), and loss of applied ammoniacal N through denitri¬
fication (13).

It is the intent of this study to evaluate the effectiveness of

Nitrapyrin as a means to suppress NO3 accumulation in spinach cultivar
'America'.

MATERIALS AND METHODS
This study was conducted under greenhouse conditions in the spring of 1972.
A randomized complete-block design with four replications was used.

The pH

of one-half of the soil mixture (consisting of 7 parts loam, 3 parts peat moss,
and 2 parts sand by volume) was raised from 6.5 to 7.0 with the addition of
50 mg CaCOg/kg of soil/pot (Table 1).

Nitrapyrin was incorporated at a con¬

centration of 50ppm to one-half of the soil mixture at pH 6.5 and to one-half
of the soil mixture at pH 7.0.

Both Nitrapyrin and \CaCO3 were mixed with

the soil by means of rotation in an 18-1 container.
Spinacia oleracea L., cv. 'America' was seeded directly into lOOOg of
soil placed in 15cm plastic azalea pots.

After 12 days the spinach population

was reduced to 3 uniform seedlings per pot, and solutions of (NH4)2SO^ or
KNO^ in demineralized water were applied to give 0, 200, 400, 600, or 800
mg N/pot.
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Table 1 .

Soil pH as influenced by KNO3, (NH4)2S04, rate of N appli¬

cation, and Nitrapyrin.

N Applied

-NH4-

-NO3

Without

With

Without

With

Lime

Lime

Lime

Lime

0

6.7

6.9

6.7

7.0

200

6.6

6.6

6.7

7.0

400

6.5

6.6

6.6

7.0

600

6.5

6.6

6.5

6.9

800

6.2

6.4

6.5

7.0

ig/kg
soil
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The spinach plants were harvested at market maturity, 45 days after
planting.

Fresh and dry weights of the spinach leaves were determined on

a g/pot basis.

The plant material was dried in a forced-air oven at 70°C

and ground in a Wiley mill to pass a 20-mesh screen.

Nitrate concentrations

in the plant tissue were determined in aqueous extracts, using a nitrateselective ion electrode (1).

Total N was measured by a modified KJeldahl

method without the addition of a reducing substance (15).

The data were

statistically analyzed by the methods of Steel and Torrie (14).

RESULTS
Yields.

All N treatments increased fresh weight yields significantly in

comparison to the control receiving no additional nitrogen (Table 2).

Fresh

weight yields for the (NH^^SO^ and (NFI^^SO^ plus Nitrapyrin treatments
were lowest for the 200mg NH4-N application, with a significant but sta¬
tistically equal increase in fresh weights being observed with the 400 to 800
mg NH^-N applications.

Fresh weight yields for the (NH^SO^ and (NF^^

S04 plus Nitrapyrin treatments were statistically equal at the 200 mg NFI^-N
application, while a significant reduction in fresh weights of the (NFI^^SO^
plus Nitrapyrin was realized at the higher NH4 applications.
Fresh weight yields for the KNO3 and KNO3 plus Nitrapyrin treatments
were lowest with the 200 mg NO3-N application, with an equal but significant
increase in fresh weights being observed with the 400 to 800 mg NO3-N appli¬
cations.

A comparison of the KNO3 and KNO3 plus Nitrapyrin treatments at
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Table 2.

The influence of N source, N rate, and Nitrapyrin on the fresh

weights of spinach 'America'.
MW .

N Applied

KIO

'4

3

mg/kg

Without

With

Without

With

soil

Nitrapyrin

Nitrapyrin

Nitrapyrin

Nitrapyrin

0

17a

17a

17a

17a

200

37b

35b

47b

50 b

400

58 c

46 c

78 c

72 c

600

60 c

48 c

80 c

79 c

800

60 c

46 c

76 c

78 c

Means within columns followed by a different letter are significantly
different (P = 0.01).
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each

NOg

application shows that yield was not significantly influenced by the

incorporation of Nitrapyrin into the medium.
Neither the addition of lime nor the interaction of lime with the other
experimental variables significantly affected yield.

Dry matter production

was influenced by the same variables and to the sbme degree as fresh weight
yields.
Plant

NOg-N

concentration.

NO3-N

Nitrapyrin, plant

For the

(NFI^gSO^

treatment without

concentrations for the 200 mg NH4-N application

were statistically equal to that of the control (Table 3).

Each 200 mg increment

in NH4-N application above 200 mg/pot resulted in a significant increase in
plant

NO3-N

concentration.

Plant

NO3-N

concentrations for the (NH^Jg

SO^ plus Nitrapyrin treatments were statistically equal to that of the control
over all NH^-N applications.

A

comparison of the plant

NO3-N

concen¬

trations of the (NH^SO^ and the (NH^^SO^ plus Nitrapyrin treatments
shows that the incorporation of Nitrapyrin into the growing medium resulted
in significantly lower
greater than
For the

NO3-N

concentrations when NH4-N applications were

mg/pot.

200

KNOg

and

KNOg

plus Nitrapyrin treatments, plant

NOg-N

con¬

centrations were statistically equal at the 200 mg NOg-N application to that
of the control, with each additional
increase in plant

KNO3

NOg-N

200

concentration.

mg increment resulting in a significant
Plant

NOg-N

concentrations for the

plus Nitrapyrin treatments were statistically equal at each

application to those of the

KNOg

without Nitrapyrin treatments.

NOg-N

Table 3.

The influence of N source, N rate and Nitrapyrin on the NO3-N

concentration of spinach 'America1.

N Applied

-NH4-

-NO3

mg/kg

Without

With

Without

With

soi

Nitrapryin

Nitrapyrin

Nitrapyrin

Nitrapyrin

1

.

a

0 02

0 02

.

a

400

.

a

.

a

.

a

0 02

0 02

0 02

.

a

0.04a

0.08 a

0.15b

0.03 a

0.36b

0.40b

600

0.30 c

0.04a

0.57c

0.56 c

800

0.43d

0.09a

1

0

0 02

200

.08d

1

.07d

Means within columns followed by a different letter are significantly
different (P = 0.01).
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Use of (NH^SC^ resulted in significantly lower plant NO3-N concen¬
trations relative to the KNO3 treatments at each of the N rates of application
with or without Nitrapyrin incorporated into the growing medium.

A significant

reduction in Plant NO3-N concentrations was realized with the (NH4)2S04
treatments due to the incorporation of lime into the growing medium.

However,

with Nitrapyrin incorporated into the medium no significant difference in plant
NOg-N concentrations were observed for the (NH4)2SO^ treatments with or
without lime.

For the KNO2 treatments, neither liming the soil nor the inter¬

action of lime with Nitrapyrin significantly influenced plant NO3-N concen¬
trations.
Total N concentrations.

For the (NH4)2SO^ treatments with and without

Nitrapyrin, a significant increase in plant total N was realized with each in¬
crement of NH4-N (Table 4).

Total N concentrations were significantly in¬

creased by incorporating Nitrapyrin into the medium when NH^-N applications
were greater than 200 mg/pot.

Total N concentrations for the KNO3 treatments

with and without Nitrapyrin were lowest for the 200 mg NC^-N applications,
with a significant but statistically equal increase in total N realized over the
higher rates of NO3-N applications.

Total N concentrations were statistically

equal at each rate of NO3-N application in a comparison of the KNO3 and
KNO3 plus Nitrapyrin treatments.

Though total N concentrations of the (NH4)2

SO^ plus lime treatments were higher than that of the (NH4)2$0^ without lime
treatments, the interaction of lime with the other experimental factors did not
significantly affect total N concentrations.
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Table 4.

The influence of N source, N rate, and Nitrapyrin on the total

N concentration of spinach 'America1.

MH
IN
n4

kl A nn 11 orl

1MO
ju3

mg/kg

Without

Wit-h

Without

With

soil

Nitrapyrin

Nitrapyrin

Nitrapyrin

1Nitrapyrin

O/

KS|| ,

/ul

,

di y wt

0

1 .4a

1 .5a

1.4 a

1 .5a

200

2.9b

2.9b

2.8b

2.9b

400

3.8c

4.4 c

3.8c

3.7c

600

4.7d

5.8d

3.8c

4.0c

800

5.6 e

6.6 e

4.3c

4.2c

Means within columns followed by a different letter are significa ntly
different (P = 0.01).
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DISCUSSION
Spinach yields were highly influenced by the N source as is illustrated by
the approximately 20 percent reduction in yield for (NH^JgSO^ cultured plants
in comparison to

KNOg

cultured plants at each

N

application.

Incorporating

Nitrapyrin into the medium adversely affected spinach yields when (NH^gSO^
supplied the N source as is evidenced by the 40 percent reduction in yields
realized in relation to the
each N application.

KNO3

treatments with or without Nitrapyrin at

High concentrations of ammonium have been shown to

adversely affect photosynthetic activity as an uncoupler of photosynthetic
phosphorylation (9, 11).

This process in turn results in a reduction of the

available carbohydrate pool, which is necessary to detoxify the ammonium,
and thus, a reduction in shoot growth.
Though yields were considerably higher with

NOg-N

KNO3

as the

N

concentrations were at least 50 percent higher with the

source, plant

KNO3

treat¬

ments than with the (NH^gSC^ at N applications producing maximum yields.
Incorporating Nitrapyrin with

(NH^JgSO^

significantly reduced plant

NOg-N

concentrations in relation to the other N treatments, and to a level of no sig¬
nificant difference from that of the control which received no additional nitrogen.
Increments in the rate of

N

application highly influenced the plant

NO3-N

con¬

centration for all treatments except the (NH^gSC^ plus Nitrapyrin treatment.
Though plant

SO4

NOg-N

concentrations were consistently lower with the

treatment, each increment in applied

in a highly significant increase in plant

sources.

NOg-N

NOg-N

(NH4J2

above 200 mg/pot resulted

concentrations with both

N
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Total N concentrations for (NH^SC^ cultured plants increased signifi¬
cantly with each increment in ammonium application.

However, the total N

concentration for all KNO^ applications producing maximum yields were not
significantly different even though the NO^-N concentration did increase
significantly with each NO3 application above 200 mg/pot.

Also, the KNO3

treatments resulted in significantly higher plant NO3-N concentrations than
for those of the (NH^^SO^ treatments.

Thus it would appear that NOg-N

accumulation is not directly related to total N concentrations in this spinach
cultivar.
Variation in environmental factors such as light (4), temperature (5), and
moisture stress (18), except by irrigation, are uncontrollable under normal
production practices and can lead to excessive NO3-N accumulation when
plants are grown in a high NO^ medium.

These results suggest that a method

of circumventing these problems is to eliminate the NO3 rich medium with the
use of a nitrification inhibitor such as Nitrapyrin.

Though the reduction in

yields are undesirable, it would seem that an optimum combination of the two
N sources could be determined from which maximum yields with a concurrent
low level of NOo-N would be realized.
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PART V

TITLE:

A STUDY OF THE EFFECTS OF TWO NITROGEN
SOURCES AND A NITRIFICATION INHIBITOR ON
THE GROWTH AND NITRATE ACCUMULATION IN
SPINACH PLANTS

ABSTRACT:

Spinach plants (Spinacia oleracea L. , cv. 'America')
were grown in a growth chamber with nitrogen supplied
as ammonium sulfate, potassium nitrate, or combinations
of the two nitrogen sources at 400 mg N/lOOOg soil.
Fresh and dry weights of spinach plants cultured on 75%
nitrate-N and 25% ammonium-N were equal to yields of
plants cultured on 100% nitrate-N, but further increments
of ammonium-N, especially with the nitrification inhibitor
Nitrapyrin present, significantly reduced the yields.

The

percentage nitrate-N in dried leaf tissue was lowest with
all ammonium-N nutrition and increased as the proportion
of nitrate nutrition increased.

Nitrapyrin interacted with

ammonium-N to further restrict nitrate accumulation.
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INTRODUCTION
This study was conducted after the study in which Nitrapyrin, a selective
nitrification inhibitor, interacted significantly with ammonium-N to restrict
nitrate accumulation in spinach plants (Spinacia oleracea L., cultivar 'America')
(4).

However, a concurrent reduction in yield due to ammonium toxicity was ob¬

served with the ammonium nutrition.

Incorporating Nitrapyrin into the soil further

restricted the yield of the spinach plants.

It is the intent of this study to evaluate

the effect of Nitrapyrin applied at 5, 10, and 50 ppm on the growth and NO3-N
concentration of spinach plants supplied with (NH^^SO^, KNO^, and combin¬
ations of the two N sources.

A rate of 400 mg N/pot, an amount found to be

optimum for spinach growth under these conditions (4), was utilized.

MATERIALS AND METHODS
This study was conducted in a growth chamber under a 12-hour photoperiod
at a light intensity of 1800 foot-candles.

A light-period temperature of 24°C

and a dark period temperature of 16°Cwas maintained.

A pot culture arranged

in a randomized complete-block design with four replications was utilized.

The

growing medium consisted of 7 parts loam, 3 parts peat moss, and 2 parts sand by
volume at a pH of 6.7.

A nitrification suppressor, Nitrapyrin (2-chloro-6-(tri-

chloromethyl) pyridine, was incorporated into the soil by means of rotation in an
1 8-1 container at rates of 5, 10, and 50 ppm, with the inclusion of a control with¬
out Nitrapyrin.
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Spinach (Spinacia oleracea L., cultivar 'America') were seeded into 15 cm
plastic pots containing a kg of soil.
form seedlings per pot

12

The plant population was thinned to 3 uni¬

days after germination.

providing 400 mg NH^-N, 300 mg NH4-N +

At this time nitrogen treatments

100 mg NO3-N, 200 mg NH4-N +

200 mg NO3-N, 100 mg NH4-N + 300 mg NO^-N, or 400 mg NO3-N were
applied as (Nh^^SO^ and/or KNO3 in demineralized water.
At apparent market maturity, 42 days after seeding, the spinach plants were
harvested.

Fresh and dry weights were determined on a g/pot basis.

The plant

material was dried in a forced-air oven at 70°C and then ground with mortar and
pestle.

Nitrate concentrations were determined with a nitrate-selective ion

electrode using a distilled water extract of the dried plant material (1).

Total

N was measured by the modified Kjeldahl method without the addition of a
nitrate reducing substance (6).

The data were statistically analyzed by the

methods of Steel and Torrie (5).

RESULTS
Yield.

The effect of N treatments, as measured by fresh and dry weights,

with and without Nitrapyrin incorporated into the soil is shown in Tables 1 and
2.

Without Nitrapyrin, growth was significantly restricted when NH4 supplied

75 or 100 percent of the N treatment.

Maximum growth occurred when NO3

supplied 75 or 100 percent of the N treatment.

For the 5 and 10 ppm Nitrapyrin

applications, maximum growth was realized again when NO3 supplied 75 or 100
percent of the N treatment.

A reduction in growth occurred as the proportion
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Table 1 .

Fresh weights of spinach plants as influenced by N source, com¬

binations of N source, and Nitrapyrin.

NH^

NO^

mg N/pot

-Nitrapyrin, ppm0

5

10

50

Fresh wt, g/pot
400

0

29 cd

25 be

21 ab

19a

300

100

35 ef

36efg

33 def

31 de

200

200

44 hi

41 gh

41 gh

34 def

100

300

47 i

47 i

47 i

38 fg

0

400

48 i

45 hi

45 hi

36 efg

Means followed by a different letter are significaintly different (P = 0.01).
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Table 2.

Dry weights of spinach plants as influenced by N source, com¬

binations of N source,and Nitrapyrin.
nh4

no3

- Nitrapyrin, ppm 0

mg N/pot

5

10

50

Dry wt, g/pot

2.8c

2.3b

1 .9 ab

1 .7a

100

3.2 cdef

3.2 cdef

3.1 cde

2.9cd

200

200

3.6 fghi

3.8 hi

3.9 i

3.4efgh

100

300

4.4 j

4.4 j

4.5 j

3.7 ghi

0

400

4.6 i

4.4 j

4.4 J

3.3 defg

400

0

300

Means followed by a different letter are significantly different (P - 0.01).
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of NH4-N increased from 25 to 100 percent of the N supply.

Growth was

adversely affected at each N treatment by the 50 ppm Nitrapyrin application
relative to the lower Nitrapyrin concentrations, with the lowest yields being
realized with the 400 mg NH4-N treatment and statistically equal yields being
observed when

NO3

supplied 50 percent or more of the N supply.

Nitrapyrin

rates of 5 and 10 ppm did not significantly affect yields relative to the control
when

the

NOg

supplied 25 percent or more of the N application.

NOg-N

concentration.

NOg-N

concentration of the spinach plants is shown in Table

Nitrapyrin, plant

NOg-N

of the N treatment.

The influence of

N

treatments and Nitrapyrin on

NOg-N

Without

concentrations were lowest when NH4 supplied all

A significant increase in the plant

was observed with each increment in the proportion of
ments.

3.

NOg-N

NOg-N

concentration

in the

N

treat¬

At each rate of Nitrapyrin application, the lowest accumulation of
was realized again with all NH^ treatments.

Each increment in

NOg

supplying part or all of the N treatment resulted in a significant increase in
plant

NO3-N

concentration.

Except with 100 percent

NOg-N

treatment, the

incorporation of Nitrapyrin into the medium with each N treatment resulted in
a statistically significant but equal reduction in plant NOg-N concentrations
in comparison to the control.
Total N concentration.

The influence of N treatment and Nitrapyrin on the

total N concentration of the spinach plant is given in Table 4.

With or without

Nitrapyrin, the 400 mg NH^-N treatment resulted in significantly higher total
N concentrations relative to the other N treatments.

Without Nitrapyrin and
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Table 3.

Accumulation of nitrate-N in spinach plants as influenced by N

source, combinations of N source, and Nitrapyrin.

NH^

NC^

mg N/pot

-Nitrapyrin, ppm0

5

10

50

NO3-N, % dry wt —
400

0

300

0.60 d

0.24c

0.17b

0.08 a

100

0.80ef

0.44d

0.51 d

0.43d

200

200

1.30 h

0.90 fg

l.OOg

1.04g

100

300

1.78)

1 .55 i

1.56 i

1.53 i

0

400

2.03 k

2.04k

2.08k

2.19k

Means followed by a different letter are significantly different (P - 0.01).
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Table 4.

Total N of spinach plants as influenced by N source, combinations

of N source, and Nitrapyrin.

NH^

NO^

mg N/pot

-Nitrapyrin, ppm0

5

10

50

%N, dry wt
400

0

5.2 cd

6.5e

6.3 e

6.3 e

300

100

4.6ab

5.1 cd

5.1 cd

5.5 cd

200

200

4.6 ab

4.6ab

4.8 abc

5. Obc

100

300

4.4a

4.4a

4.5 a

4.6 ab

0

400

4.4a

4.5 a

4.5 a

4.6 ab

Means followed by a different letter are signifi cantly different (P = 0.01).
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with NO3 supplying part or all of the N treatment, no significant difference
in total N concentration was observed.

At each rate of Nitrapyrin application,

although total N concentrations v/ere significantly higher when NH4-N supplied
the N treatment, no significant differences were observed between the treatments
in which NH4 provide 25 or 50 percent and 50 or 100 percent of the applied N.
When NH4 provided at least 75 percent of the N, the use of Nitrapyrin increased
the concentration of total N in the plant.

DISCUSSION
These results indicate that with respect to growth and NO3-N concentration
in the leaves, it is more desirable to supply combinations of (NH4)2S04 and
KNO3 as opposed to either N source singularly for this spinach cultivar. When
ammonium supplied more than 50 percent of the N treatment, growth was sig¬
nificantly restricted.

Incorporating Nitrapyrin into the soil further promoted

this reduction in growth particularly at the higher ammonium rate.

Maximum

fresh and dry weights were realized v/hen nitrate supplied 75 or 100 percent of
the N treatment.

However, supplying all of the N in the nitrate form resulted

in significantly higher NO3-N concentrations than when ammonium supplied
part or all of the N treatment.

In addition, total N concentrations v/ere not

significantly increased as the NO^-N concentration in the plant tissue in¬
creased .
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The influence of applied nitrate fertilizer on the plant NO3-N concentration
is well demonstrated by the significant increase in plant NO3-N concentration
realized with each increment in the proportion nitrate in the N treatments.
Previously Barker (1) noted that with preplant N applications, the N source
had no significant effect on plant NO3-N concentration.

This can be attributed

to rapid microbial oxidation of applied ammonium fertilizers to nitrate (2,3).
In this study, Nitrapyrin incorporated into the soil with N treatments consisting
in part or totally of ammonium nutrition resulted in a significant reduction in
plant NO3-N concentrations.

Thus, use of Nitrapyrin with preplant N appli¬

cations where ammonium supplies all or part of the N treatment would be highly
desirable in terms of the reduction in plant NO3-N concentration; however,
consideration to the reduction in yield resulting with plants sensitive to ammon¬
ium nutrition must also be considered.
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A P P E N D I X

Table 1.

The influence of N source, lime and Nitrapyrin on the fresh

weights of radish cv. 'Cherry Belle1.

- nh4 -

-no3-

Without

With

Without

With

Li me

Li me

Li me

Li me

-g/ potWith Nitrapyrin

37a

40a

40a* *

43a

Without Nitrapyrin

40a

38a

41 a

41 a

Means within columns and rows of each N source followed by different
letters are significantly different (P = 0.05).
* Averaged over all N rates.

Table 2.

The influence of N source, lime and Nitrapyrin on the dry

weights of radish cv. 'Cherry Belle'.

-NH4-

-no3-

Without

With

Without

With

Lime

Lime

Lime

Lime

g/pot
With Nitrapyrin

2.5a

2.6a

2.6a*

2.6a

Without Nitrapyrin

2.5a

2.5a

2.5a

2.6a

Means within columns and rows of each N source followed by different
letters are significantly different (P = 0.05).
* Averaged over all N rates.

Table 3.

The influence of N source, lime and Nitrapyrin on the NO3-N

concentration of radishes cv. 'Cherry Belle'.

NO'

nh4
V/ithout
Lime

With

Without

With

Lime

Lime

Lime

-% NOg-N, dry wtWith Nitrapyrin

0.21a

0.26a

1.070* *

0.98a

Without Nitrapyrin

0.79b

0.79b

1.03a

1.03a

Means v/ithin columns and rows of each N source followed by different
letters are significantly different (P = 0.05).
*

* Averaged over all N rates.
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Table 4.

The influence of N source, lime and Nitrapyrin on the total N

concentration of radish cv. 'Cherry Belle'.

-NH4-

- NO3 -

Without

With

Without

With

Lime

Lime

Lime

Lime

-

% N,

dry wt-

With Nitrapyrin

4.3a

4.0a

4.0a* *

3.6a

Without Nitrapyrin

4.4a

4.2a

4.0a

3.9a

Means within columns and rows of each N source followed by different
letters are significantly different (P = 0.05).
* Averaged over all N rates.
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Table 5.

The influence of N source , lime an d Nitrapyrin on the soi 1

NO3-N concentration.

NJH
in

.

MOi
INU3

Without

With

Without

With

Lime

Lime

Lime

Lime

124a*

126a

mg N/pot
With Nitrapyrin
Without Nitrapyrin

6

a

76 c

21

b

82 c

76b

74b

Means within columns and rows of each N source followed by different
letters are significantly different (P = 0.05).
* Averaged over all N rates.
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Table 6.

The influence of N source, lime and Nitrapyrin on the fresh

weights of spinach cv. 'America1.

nh4

no3

Without

With

Without

With

Lime

Lime

Lime

Lime

g/pot
With Nitrapyrin

36a

41 a

60a* *

60a

Without Nitrapyrin

48b

47b

58a

62a

Means in rows and columns with each N source followed by different letters
are significantly different (P = 0.01).
* Averaged over all N rates.

Table 7.

The influence of N source, lime and Nitrapyrin on the NO3-N

concentration of spinach cv. 'America1.

-nh4-

-no3 —

Without

With

Without

With

Lime

Lime

Lime

Lime

-

%

NO3-N, dry wt -

With Nitrapyrin

0.03a

0.03a

0.43a* *

0.43a

Without Nitrapyrin

0.20c

0.10b

0.40a

0.43a

Means in rows and columns with each N source followed by different letters
are significantly different (P = 0.01).
* Averaged over all N rates.
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Table 8.

The influence of N source, lime and Nitrapyrin on the total N

concentration of spinach cv. 'America'.

MW .

Mn~

'4

'6

Without

With

Without

With

Lime

Lime

Lime

Lime

% N, dry wt
With Nitrapyrin

4.3a

4.2 a

3.3a*

3.3a

Without Nitrapyrin

4.2a

4.3a

3.1a

3.1a

Means in rows and columns with each N source followed by different letters
are significantly different (P = 0.01).
* Averaged over all N rates.

